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EXECUTIVE SUMMARY 
The presence of active pharmaceutical ingredients (APIs) in municipal wastewater treatment 
plants (WWTPs) is considered to be the main source of contamination of water resources. 
The potential side effects that APIs can cause to wild life and humans from chronic exposure, 
necessitates their efficient removal from wastewater effluents prior discharge. With APIs 
being found at very low levels (μg/L-ng/L) compared to the remaining matrix components, 
select chemical oxidation such as ozonation is currently been tested. This study determined 
the decadic delivered O3 doses (mg/L O3 per order of API removal) of 50 APIs commonly 
found in wastewater effluents from 5 different WWTP effluents of Sweden. The effluents 
were chosen so that they differ in TOC, COD, pH, and alkalinity in order to investigate the 
matrix effects on each API removal. Based on the results on Figure 1, the removal of APIs 
for a specific effluent varies significantly and it is directly related to the chemical structure of 
the compound. The DDO3 of Table 1, prove that there is indeed an effect of the wastewater 
matrix (though previous studies have stated otherwise) and easily degraded compounds 
such as citalopram in one wastewater (WW3) can be difficult to remove in other (WW5).  
0
10
20
30
40
50
60
70
80
90
100
Ve
ra
pa
m
il
Lo
pe
ra
m
id
e
Cl
om
ip
ra
m
in
e
H
al
op
er
id
ol
A
tr
ac
ur
iu
m
Ri
sp
er
id
on
e
Bu
pr
en
or
ph
in
Ci
ta
lo
pr
am
Ep
ro
sa
rt
an
H
yd
ro
xy
zi
ne
Se
rt
ra
lin
e
Ez
et
im
ib
e
Ro
su
va
st
at
in
G
lim
ep
ir
id
e
D
ilt
ia
ze
m
A
to
rv
as
ta
tin
Fe
xo
fe
na
di
ne
A
m
itr
yp
til
in
e
Ci
la
za
pr
il
M
ap
ro
til
in
Su
lfa
m
et
ho
xa
zo
l
Ca
rb
am
az
ep
in
Be
cl
om
et
ha
zo
ne
Et
hi
ny
l e
st
ra
di
ol
Be
cl
om
et
ha
zo
ne
N
al
ox
on
N
ap
ro
xe
n
Fl
uo
xe
tin
Tr
am
ad
ol
Tr
im
et
op
ri
m
O
xa
ze
pa
m
Co
de
in
e
Bi
pe
ri
de
n
M
em
an
tin
M
et
op
ro
lo
l
Re
pa
gl
in
id
e
Bi
so
pr
ol
ol
Ib
up
ro
fe
n
Ve
nl
av
af
ax
in
O
rp
he
na
dr
in
D
ic
lo
fe
na
c
Fl
uc
on
az
ol
e
Ir
be
rs
ar
ta
n
Le
vo
no
rg
es
tr
el
Fl
ut
am
id
Bu
pr
op
io
n
Ke
to
pr
of
en
e
%
 R
em
ov
al
O3 dose
mg/L
10,20
6,90
5,00
2,60
1,30
0,60
Figure 1: Removal of APIs per O3 dose from WWPT effluent from Källby (TOC= 7.5 mg/L; 
COD= 29.0 mg/L; Alkalinity= 244.0 mg/L; pH= 6.6; N-NH4
+= 1.4 mg/L) 
Table 1: Decadic delivered O3 doses for the removal of select pharmaceuticals in 6 WWTP effluents 
  DDO3 (mg O3/L) 
WWTP  Källby 1  Källby 2  Björnstorp Öresundsverket Sjölunda Nykvarnsverket 
APIs WW1 WW2 WW3 WW4 WW5 WW6 
Citalopram 5.0 8.0 2.0 6.3 11.9 5.0 
Diclofenac  4.7 5.9 n.d. 3.6 9.2 n.d. 
Eprosartan  3.2 4,6 1.9 4.2 7.8 3.9 
Ibuprofen 11.5 10.5 6.1 10.4 19.4 8.4 
Levonorgestrel  6.7 7.0 6.1 5.4 16.8 7.0 
 
